The interest in exclusive semileptonic decays of heavy mesons lies in a possibility to obtain the most accurate values of the quark mixing angles and test various approaches to the description of the internal hadron structure. The decay rates are expressed through the Cabibbo-Kobayashi-Maskawa (CKM) matrix elements and hadronic form factors of the weak currents which contain the information on hadron structure. New accurate data on B -+ D, D* and first measurements of the B + rr, p decays open a possibility to determine V& and VUb with high accuracy and require reliable theoretical predictions on the form factors and decay rates. A nonperturbative theoretical study should give these form factors in the whole kinematical region of momentum transfers 0 5 q" 5 (Ml -Mz)~, Ml and Ma the initial and final meson masses, respectively.
The amplitudes of meson decays induced by the quark transition qi + qf through the vector VP = &yPqi and axial-vector A, = qfypy5qi currents have the following structure (
0370-2693/97/$17.00 0 1997 Published by Elsevier Science B.V. All rights reserved. PZZ SO370-2693(97)00048-S with q = pt -~2, P = p1 + ~2. We use the notations: y5 = iy"y1y2y3, .eo123 = -1, ,Sp(~~~r"~rP) = 4i@'"fi. In general all the form factors are independent functions to be calculated within a nonperturbative approach. Considerable simplifications occur when both the parent and the daughter quarks active in the weak transition are heavy. Due to the heavy quark symmetry (HQS) [l] all the form factors which are in general functions of q2 and the masses, depend on the one dimensionless variable w = plpz/MlM2. It is convenient to introduce dimensionless 'heavy quark' form factors
In the leading l/m~ order all the form factors h can be expressed through the single universal form factor, the Isgur-Wise function .$ as follows:
The normalization of the Isgur-Wise function at zero recoil is known, e( 1) = 1. In contrast to meson decays induced by the heavy-to-heavy quark transitions, the general case of the transitions between hadrons with arbitrary masses, and in particular meson decays induced by a heavy-to-light quark transitions are not well-understood. To date, theoretical predictions on semileptonic decays induced by heavy-to-light quark transitions coming from the quark model [ 2-81, QCD sum rules [ 9-131, and lattice calculations [ 14-171 differ significantly. Recently, Stech noticed [ 181 that new relations between the form factors of meson transition can be derived if use is made of the constituent quark picture. These relations are based on the observation that if the meson wave function in terms of its quark constituents is strongly peaked in the momentum space with the width of order A N 0.5 GeV then for a heavy parent quark a small parameter A/m, appears in the picture and one can derive the leading-order expressions for the form factors of interest which turn out to be independent of subtle details of the meson structure. Although these relations give a guideline for the analysis of the decay processes, they cannot substitute calculations of the form factors in a more detailed dynamical model. The kinematically accessible q2-interval in the meson decay induced by the heavy-to-light transition is O(mi) so a relativistic treatment is necessary.
A relativistic light-cone quark model (LCQM) [ 51 is an adequate framework for considering decay processes. The model is formulated at spacelike momentum transfers and the direct application of the model at timelike momentum transfer is hampered by pair-creation subprocesses which at q2 > 0 cannot be killed by an appropriate choice of the reference frame. In [5] the form factors at q' > 0 were obtained by numerical extrapolation from the region q" < 0. As the relevant q2-interval is large, the accuracy of such a procedure is not high. In [ 7, 8] the nonpartonic contribution of pair-creation subprocesses is neglected and only the partonic part of the form factor is calculated in the whole kinematical interval of q". Unfortunately, the nonpartonic contribution is under control only at q2 = 0 where it vanishes.
The dispersion formulation of the LCQM proposed in [ 191 overcomes these difficulties as it allows the analytical continuation to the timelike q. We apply this approach to calculating the transition form factors of the semileptonic decays.
The transition of the initial meson Q (mz) Q( m3) with the mass Ml to the final meson Q(mz)Q( ms) with the mass M2 induced by the quark transition m2 ---f ml is given by the diagram of is the triangle function. Here fit ( q2) is the form factor of the constituent quark transition m2 + ml. In what follows we set f2t (8) = 1.
The double spectral densities fi( st , s2,$) of the form factors have the following form:
; f"" = sfD + (" 1%; " _ Mf ,;, -s3) M2c+,
where 
Ci=S2-((mi+m3)2,
C2=s1-(m2-m~i)~, C3=~3-(ml+m2)~-C~-C~. (16)
Let us underline that the representation (4) with the spectral densities (5)~( 10) are just the dispersion form of the corresponding light-cone expressions from [ 51. It is important that double spectral representations without subtractions are valid for all the form factors except f which requires subtractions. In the LCQM the particular form of such a representation for the form factor f depends on the choice of the current component used for its determination and cannot be fixed uniquely. In [20] the behaviour of the form factors of the vector, axial-vector and tensor current has been studied in the limits of heavy-to-heavy and heavy-to-light quark transitions. The analysis of the behavior of the form factor f in the case of a heavy-to-light quark transition suggests another expression [ 201: (17)
We shall use both of these prescriptions in the numerical analysis of semileptonic decays.
For a pseudoscalar or vector meson with the mass M built up of the constituent quarks mq and mQ, the function G is normalized as follows [ 191: 
The quark-meson vertex G can be written as [5]
where w(k) is the ground-state S-wave radial wave function.
As the analytical continuation of the form factors (4) to the timelike region is performed, in addition to the normal contribution which is just the expression (4) taken at 4" > 0 the anomalous contribution emerges. The corresponding expression is given in [ 191. The normal contribution dominates the form factor at small timelike 4 and vanishes as q2 = (m2 -ml )2 while the anomalous contribution is negligible at small q2 and steeply rises as q2 + (m2 -ml) 2. It should be emphasized that we derive the analytical continuation in the region q2 < (m2 -ml)2. For the constituent quark masses used in the quark models this allows a direct calculation of the form factors of the P -+ V transitions in the whole kinematical decay region 0 I q' 2 (Mp -Mv)~, as Mp -Mv < m2 -ml. For the P --f P' transition this is not the case: normally, Mp -Mp > m2 -ml. For the P --+ P' decays we directly calculate the form factors in the region 0 I q" < (m2 -ml)2 and perform numerical extrapolation in (m2 -ml)2 5 q" 5 (Mp -Mp) .
2 2 Numerical analysis shows the accuracy of this extrapolation procedure to be very high. We would like to notice that the direct calculation shows the derivative of the form factor f+ to be positive at the point q" = (1~12 -ml) 2. This suggests that the maximum of the form factor f+ at q2 = (m2 -m1)2 observed in [7, 8] is just an artifact of neglecting the nonpartonic contribution to the form factor.
For calculating the form factors of semileptonic decays we assume that the wave function w can be approximated by a simple exponential function w(k) = exp( -k2/2p2) and adopt the numerical parameters of the ISGW2 model [ 211 shown in Table 1 .
* The analytical continuation to q* > (1112 -ml)* is also possible. However one should be careful when applying the constituent quark model for such q*: we approach the unphysical q4 threshold q2 = (ml + rn~)~ which is obviously absent in the amplitudes of hadronic processes. This is a sign that we are coming to the region where the constituent quark picture is not adequate. Table 3 Decay rates for the D -K, K* transition in 10" s-' using IV,,1 = 0.975 The results of calculating the form factors are fitted by the functions
with better than 0.5% accuracy, and for the form factor f+ this formula is used for numerical extrapolation to the region (ml -~22)~ 5 q2 5 (Ml -Mz) 2. The decay rates are calculated from the form factors via the formulas from [ 41. Decay rate calculations are performed using the two prescriptions for the form factor f given by the relations (10) and (17); the corresponding results are labelled as LC and HQ, respectively. The decay D + K, K*. These CKM-favoured decays extend the widest possibility for detailed verification of the model. The parameters of the fits to the form factors are given in Table 2 . Using the value V,, = 0.975 [25] the decay rates are found to be
T(D + K) = 8.7 x 10'"s-'
T(D -+ K*) = 5 58 x 101os-l 5:38 x lotOs-1: 
with the HQ prescription for the form factor f with the experimental data. One can observe perfect agreement with the data. The results of other approaches which give predictions for a wide set of the semileptonic decay modes are also shown.
77~ decay D -+ v, p. Table 4 present the parameters of the fits to the calculated form factors. Using the value Vcd = 0.22 [ 251 yields the following decay rates: The decay B ---f D, D*. This is a very interesting mode as it allows measuring corrections to the HQS limit. Table 8 shows the fit parameters of the form factors and Table 9 presents the parameters of the fit to the heavy-quark form factors in the form
We find h+( 1) = 0.96 and h_( 1) = -0.04 which compare favourably with the size of corrections to the HQS limit [30] . The values hyQ( 1) = 0.94 and hLfC( 1) = 0.9 both agree with the estimate of Neubert [30] hf ( 1) Table 11 . For the decay rates we find rJrr = 0.95 (Lc), rL/rT = 1.13 (HQ). In conclusion, we have analysed semileptonic decays of heavy mesons within dispersion formulation of the constituent quark model and found agreement with all available data. The extracted values of the CKM matrix elements Vcb and Vub are also in agreement with estimates of other models. Nevertheless, we would like to briefly outline possible sources of uncertainties in the predictions of the model which should be taken into account in further analyses: 1. We used the parameters of the ISGW2 quark model and a simplified exponential ansatz for the wave function. It should be noticed however that the ISGW2 model does not calculate the form factors through the wave functions; rather a special prescription for constructing the form factors is formulated. As the analysis of [ 71 shows, the form factors of the heavy-to-light transition can be rather sensitive to the wave function shape. 2. We have taken into account only the leading process and neglected the O(cu,) corrections. Although the analysis of such corrections in the elastic pion form factor at low and high momentum transfers within the LCQM [ 361 found only a few % contribution even at w 11 lo-20 a numerical consideration of this contribution is plausible. 3. We have neglected the constituent quark transition form factor which has a complicated structure at timelike momentum transfers. In particular the quark transition form factor should contain a pole at q2 = M:e, with M,,, the mass of a resonance with appropriate quantum numbers. 4. We have identified the form factors obtained within the constituent quark model with the form factors of the full theory. However, the relationship between these two quantities is nontrivial: e.g. the form factors of the full theory acquire logarithmic corrections because of renormalization of the quark currents, which are absent in the quark model form factors. Analysing the l/rn~ expansion Scora and Isgur [21] performed a special matching procedure for obtaining the form factors of the full theory from their quark-model form factors. Although the 1 /me behaviour of the LCQM form factors studied in [ 201 is better than that of the generically nonrelativistic form factors in the ISGW model [ 31, the relationship between the LCQM form factors and the form factors of the full theory should be studied in more detail.
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